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(57) Abstract 



The invention provides a preform insulating end 
cone (30, 60) suitable far faming the end cone of a pol- 
lution control device (10), said preform (30. 60) compris- 
ing a cone shaped intumescent or non-intumescent sheet 
material (40) with or without a plurality of splits (49) en* 
abling said sheet material (40) to be cone shaped and a 
sh^ retaining element in intimate contact with said intu- 
mescent sheet materia] (40X said shape retaining elements 
enabling said intumescent sheet material (40) to maintain 
a cone shape. The invention also pfovides methods of 
makmg prcfonn insulating end cones (30, 60) of the in- 
vention. 
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COMPRESSIBLE PREFORM INSULATING LINER 

5 

Background of the Invention 

The present invention relates to insulating materials used in pollution 
control devices and more particularly to a method for making a preform &om an 
intumescent or a non-intumescent sheet material for use as an insulating end cone 

10 in pollution control devices and the resulting preform insulating end cones. 

Two types of pollution control devices are currendy in wide spread use — 
catalytic converters and diesel particulate filters or traps. Catalytic converters contain 
a catalyst, which is typically coated on a monolithic structure mounted in the 
converter. M onolithic structure s are typically ceramic, although metal monoliths 

15 have been used The catalyst oxidizes carbon monoxide and hydrocarbons, and 
reduces the oxides of nitrogen in automobile exhaust gases to control atmospheric 
pollution. Diesel particulate filters or Hops are wall-flow filters which have 
honeycombed monolithic structures typically made from porous crystalline ceramic 
materials. Alternate cells of the honeycombed structure are typically plugged such 

20 that ^diaust gas enters one cell and is forced through the porous wall of one cell and 
exits the structure through another cell. 

Due to the relatively hi^ temperatures encountered in pollution control 
devices, it is important that the device be well insulated. Insulation is typically 
provided by securely mounting the monolithic element within the casing using an 

25 insulating moundrig mat conq>rised of a suitable material. In addition, inlet and 
outlet end cone assemblies vAnch provide a transition fiom the exhaust pipe to the 
pollution control device can also be insulated. The inlet and oudet end cone 
assemblies can be insulated by providing a double-walled end cone assembly 
comprising an outer metal housing and an inner metal housing, with a gap defined 

30 between the iiuiCT and outer cone housings. 



-1- 
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Summary of the Invention 

One aspect of the invration is a prefonn insulating end cone suitable for 
forming the end cone of a pollution control device, said prefonn comprising a cone 
shaped intumescent or non-intumescent sheet mat^al having a pliirality of slits 
5 enabling said sheet material to be cone shaped and a shape retaining element in 
intimate contact with said intumescent sheet material, said shape retaining element 
enabling said intumescent sheet material to maintain a cone shape. 

Another aspect of the invention is a preform insulating end cone suitable 
for forming the end cone of a pollution control device, said prefonn comprising a 

10 cone shq>ed intumescent sheet material having a first end and a second end, and a 
shape retaining element in intimate contact with said intumescent sheet material, 
said shape retaining element enabling said intumescent sheet material to maintain a 
cone shape. Preferably, said shdpo retaining element in this embodiment is a tape 
joining said ends together. Preferably, the sheet material is coated on one side that 

IS the tape is adhered to with a thermoplastic polymer film such as polyester, 
polyethylene, or polypropylene. 

The invention also provides a method of making a preform insulating end 
cone for use as an insulating material in an end cone assembly in a pollution 
control device from a sheet material. In one aspect, the invention provides a 

20 method of making a preform insulating end cone comprising the steps of forming 
an intumescent or non-intumescent sheet material containing a thermoplastic 
organic binder and cut to the desired sh^ and dimensions to form a finished 
preform insulating end cone, treating the formed sheet material with water or 
steam, and then drying the treated sheet material to form the finished preform 

25 insulating end cone. Preferably, the cut sheet material is formed by means of a 
mold. Preferably, the cut sheet material has a plurality of V-shaped cuts. 
Preferably, the ^eet material is intumescent and contains a thermoplastic organic 
binder derived fiom a latex. 

In another aspect, the invention provides a method of making a preform 

30 in s ul a t i n g end core comprising the steps of treating at least one surface of a flexible 
and resilient intumescent or non-intumescent sheet material with a rigidizing 
solution, said sheet material being suitable for use in pollution control devices and 
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cut to a desired size and shape to form a finished preform insulating end cone, 
forming the sheet material into the desired end cone shape, and then drying the 
sheet material to form the finished preform insulating end cone. Preferred 
rigidizing solutions are aqueous colloidal silica and aqueous colloidal alumina. 
5 Preferred intumescent and non-intumescent sheet materials contain an organic 
binder conq)rising a polymer emulsion. 

In anoth^ aspect, the invention provides a method of making a preform 
insulating end cone comprismg the steps of providing a flexible and resilient 
intumescent or non-intumescent sheet material suitable for use in a pollution 

1 0 control device, coating at least one side of the sheet material with a metal foil and 
then forming the coated sheet material to the desired shape to form the finished 
preform end cone insulating material. Preferably, the metal foil is a metal foil tape 
that is laminated to at least one surface of the intumescent or non-intumescent sheet 
material before the sheet material is cut to the desired dimensions. The metal foil 

1 S can also be laminated to both sides of the sheet material. 

In another aspect, the invention provides a method of forming a preform 
insulating end cone comprismg the steps of providing a flexible and resilient 
intumescent or a non-intumescent sheet material cut to the desired dimensions and 
initially formed into the desired shape, partially wrapping the formed material with 

20 a heat shrinking film, and then exposing the heat shrinking film wrapping to 
sufiBcient heat to form the finished preform. 

Surprisingly, Applicants have discovered simple and less time consuming 
methods of forming preform insulating end cones fix>m insulating materials in sheet 
form without the need for preparing and handling dilute slurries of inorganic 

25 materials. The resulting preforms of the methods of the invention are flexible and 
self supporting and are thus easy to use in the manu&cture of pollution control 
devices. 

One of the advantages of the preforms of the invention is that the preforms 
of tiie invention remain relatively flexible, resilient, and compressible and 
30 maintain the chemical and performance characteristics of the sheet material used to 
make the preform. 
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As used hmin» ""self supporting'* refers to a formed^ article viiich maintains 
a three dimensional shape under the force of gravity after having been formed. 

As used herein, a ^preform*' end cone insulating material means a self- 
siq)porting insulating end cone made from an intumescent or a non-intumescent 
S sheet material. 

As used herein, an ^intumescent** material means a material suitable for use 
in a pollution control device that contains an intumescent material and swells or 
intumesces when exposed to sufBcient thennal energy. 

As used herein, a ^'non-intumescent** material is a material that is suitable 
1 0 for use in a pollution control device that does not contain an intumescent material. 

Brief Description of the Drawings 

Figure 1 shows a cross sectional view of a catalytic converter having inner 
and outer metallic end cone housings with a preform insulating end cone disposed 
between the end cone housings. 

Figure 2 shows a die cut sheet material prior to being treated. 
Figure 3 shows a perspective view of a preform insulating end cone of the 
invention made from the die cut material shown in Figure 2. 

Figure 4 shows a die cut sheet material prior to being treated. 
Figure 5 shows a perspective view of a preform insulating end cone of the 
invention made from the die cut sheet material shown in Figure 4. 

Figure 6 shows view of another onbodiment of the preform end cone of the 
invention. 

Figure 7 shows a front view of another embodiment of the preform end 
cone of the invention. 

Detailed Description of the Invention 

Referring now to the Figures, Figure 1 shows a pollution control device, and 
in particular, a cata ^c converter 10 which comprises a housing 1 2 with generally 
30 conical inl et end cone assemb ly 14 and ou tlet end cone assemb ly 16. The housing 
12, which is also referred to as a can or a casing, can be made from suitable materials 
known in the art, and is typically made of metal. Preferably, the housing 12 is made 
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of Stainless steel. Disposed within housing 12 is a monolithic catalytic element 1 8 
fomied of a honeycombed monolithic body either of ceramic or metal. Suirounding 
monolith 18 is a moimting and insulating mat 22. 

Referring now to inlet end cone assembly 14 and outlet end cone.assembly 

S 16, it can be seen that inlet end cone assembly 14 and outlet end cone assembly 16 

V 

each comprise an out^ end cone housing 2i^ and an inner end cone housing 28. A 
preform insulating liner or end cone 30, shown more particulariy in Figure 3, is 
positioned between outer end cone housing 28 and iimer end cone housing 26. Iimer 
end cone housing 28, is provided in pollution control devices to re tain insulating end 

1 0 cone 30 in position and to prevent insulating end cone 30 fiom being damaged by hot 
exhaust gases ]>assing through the pollution control device. Inner and outer end cone 
housings 26, 28 are typically made of metal and are preferably made fiom stainless 
steel or an alloy such as INCONEL™ 600. 

Figure 2 shows an embodiment of an insulating material 40 that has been die 

15 cut fiom an intumescent sheet material suitable for use in pollution control devices. 
Die cut insulating material 40 is one piece and has dimensions and shape such that it 
can be disposed between iimer and outer end cone housings 28, 26. Die cut 
insulating material 40 is generally in the form of a sheet having major surfaces 42, 44 
and a thickness 46. In this embodiment, die cut insulating material 40 has generally 

20 ''V-shsq^ed'' cuts 48 forming tabs SO. The V-sh^)ed cuts 48 relieve the sur&ce 
tension of the sheet material and allow the die cut material 40 to be formed into a 
generally conical shaped insulating nuiterial without excessive buckling or folding of 
die insulating material. Theshiq)eandsizeofV-shapedcuts48intfaediecut 
niaterial are such that gsq[)s in the irisulating materid are iniiii^ 

25 undesirable buckling or folding of the material whai the die cut material 40 is formed 
into the final desired shape. Of course, the insulating sheet matmal may be cut into 
any usefid or desired single piece sh£q>e capable of being formed into a cone shape 
with dimensions suitable for the end use. A usefiil die cutting machine for 
intumescent and non-intumescent sheet materials is a Rotomatic™ n die cutter 

30 commercially available fit)m Ampak, Inc., Anderson NC. 

One embodiment of a preform insulating end cone of the invention is shown 
in Figure 3 as preform insulating end cone 60. Preform insulating end cone 60 is a 
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finished end cone made fiom die cut material 40 shown in Figure 2. Prefonn 
insulating end cone 60 is characterized as being three dimensional, cone shaped arkl 
having a fiiont 62 and a back 64 and is self-supporting yet resilient and compressible. 
When die cut she^ material 40 is formed into preform 60, V-shaped cuts 48 become 
5 slits49. In this embodiment, the sheet matCTial is I^^ERA^^™ Type 200 

intumescentinat (3100 gAn^)niajorsurfiu:e 44 has been treated aiKi formed usii^ a 
shape retaining element in the form of a rigidizing solution containing colloidal 
silica. 

Figure 4 shows a die cut sheet material 70 that is used to make a preferred 

10 preform insulating end cone 80 shown in Figure 5. Referring to Figure 4, die cut 
sheet material 70 is one piece and generally half-moon shaped and has a first end 72 
and second end 74 which are attached together by a sh^ retaining element in the 
form of a tape 82 to form preform insulating end cone 80 (Figure 5), Preform 
insulating end cone 80 is characterized as being self-supporting in a cone shape and 

15 is resilient and compressible. In this preferred embodiment, die cut sheet material 70 
is cut fiDm is INTERAM™ Type 1 00 intumescent mat (3662 g/m^) that has been 
laminated with a thermoplastic polyester fihn 76 on one surface before being die cut 
Useful thermoplastic films for laminating to the sur&ce of intumescent sheet 
materials include polyester, polyethjiene and polypropylene having a thickness of 

20 fiom about 0.01 nmi to about 03 mm. A preferred commercially available film is 
3M Tape # 356, fiom Mirmesota Mining and Manufacturing CcHiipany, Sl Paul, MN. 
Any tape that will adhere sufficientiy to substantially inorganic intumescent or non- 
intumescent sheet materials and/or to thennoplastic films used for lamination to the 
sheet iimterial can be used as die shsqperetainiiigeletnent for tills embodiment Such 

25 usefiil tapes include masking tapes^ cloth tepcSy surgical tapes, and plastic fihn tapes 
such as a polyester film tape, commmially available as 3M Tape # 356, firom 
Miimesota Mining and Manufiacturing Company. A preform insulating end cone is 
made by bringing the ends 72, 74 together to form a cone and then attaching the ends 
together with adhesive t^. 

30 Another embodim^ of a preform in^nilating end cone is shown in Figure 6 

as prefonn insulating end cone 90. Eixi cone 90 comprises a cone shq)ed 
intumescent sheet material 91 intheshsqpeofaconehavingaplurality of slits49and 
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a shape reputing element in the fprm of a 
front sur&oe 94. 

Another embodiment of a prefonn insulating end cone of the invention is 
shown in Figure 7 as piefonn insulating Old cone 100. End cone 100 comprises a 
5 cone shaped intumescent sheet material 91 in the sha^ of a cone having a plurality 
of slits 49 and a shape retaining element in tte form of a heat shrinkable film 1 02 
£q[)plied over a top portion of front sur&ce 104 and back sur&ce 106 of the cone 
sh24)ed sheet material. 

The die cut sheet materials used to form the cone shapes can be made from 
1 0 any flexible and resilient insulating sheet material suitable for use in pollution control 
devices. The material can be intumescent or non-intumescent and is preferably 
intumescent 

A useful intumescent sheet material for making die cut insulating material 40, 
60 comprises a r^ Uicnt flexible intumescent shee t comprising from about 20 to 65 

1 5 percent by dry v^ight of unexpanded vermiculite flakes, such flakes being either 
untreated or treated by being ion exchanged with ammonium compound such as 
ammonium dihydrogm phosfdiate, ammonium carbonate, ammonium chloride or 
other suitable ammonium conqwund as described in U.S. Patent No. 4,305,992 
(Langer et al.); from about 1 0 percent to 50 percent by diy weight of inorganic 

20 fibrous material including aluminosUicate fibers (commercially available under the 
trademarks FIBERFRAX^ from Unifrax Co., >fiagara Falls, NY, and 
CERAFIBER™ from Themtial Ceramics, Augusta, GA), glass fibers, zirconia-silica, 
and crystalline alumina whiskers; fix>m about 3 to 25 percent by dry weight of 
orga nic binde r including those in latex form for example, natural rubber lattices, 

25 styrene-butadime lattices, butadiene acr^onitrile lattices, lattices of acrylate or 
methacrylate polymers and copolymers and the like; and up to about 40 percent by 
dry weight of inorganic filler including expanded vermiculite, hollow glass 
microspheres and bentonite. A preferred intumescent sheet material comprises about 
45 to about 62 dry weight percent unexpanded vermiculite flakes, about 27 to about 

30 45 dry weight percent inorganic fibrous material, and about 3 to about 10 percent 
organic binder in latex form. 
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Examples of other useful sheet materials and methods of making the sheet 
materials include those described in U.S. Patent No. 5^23,059 (Langer). 

Further, examples of intumescmt sheet materials and methods of making 
such sheet materials include those described in U.S. Patent Nos. 3,916,0^7 (Hatch et 
5 al.), 4,305,992 (Langer et al.), 4385,135 (Langer et al.), 5,254,410 (Langer et al.), 
4,865,818 (Meny et al.), 5,151,253 (Metiy et al.), and 530,522 (Rogers et al.). 
Prefoied commercially available intumescent sheets and mats includes those sold 
under the IhnERAM™ tradename by Minnesota Milling and Manu&cturi^ of 
St Paul, MN. The intumescent she^ materials are made using well know 
10 papermaking techniques. The mounting mats typically range in thickness from 0.5 to 
10 mm. 

Other useful intumescent materials include expandable graphite, expandable 
sodium silicate granules, and partially ddiydrated vermiculite as described in U.S. 
Patent No. 5,254,410 (Langer et al.). 

1 5 One example of a shapo retaining element is an organic binder. 

Themioplastic organic binders include emulsions of organic polymers and elastomers 
in latex form such as natural rubber lattices, styrene-butadiene lattices, butadiene 
acrylonitrile lattices, and lattices of acrylate and methacrylate polymers and 
copolymers. Thermoplastic organic binders also include polymers and polymer resins 

20 such as natural rubber, styiene-butadiene rubber, and other elastomeric polymer 
resins. AcryUc latex and polyvinyl acetate are preferred thermoplastic organic 
binders. Odier useful thermoplastic materials for use as organic bixxlers include 
polypropylene, polyvinyl alcohol, polyvinyl'chloride and polystyrene. 

Usefiil thermosetting materials for use as organic binders mclude epoxies and 

25 phenolics. The organic binder nuiy also include mixtures oftwo or more 

thermoplastic and/or thermosetting materials. Useful mixtures include a polymer 
emulsion combined with a themioplastic resin or material and a polymer emulsion 
combined with a thermosetting resin or material. 

Examples of preferred commercially available organic binders include 

30 RHOPLEX® HA-8 (a 45.5 percent by weight solids aqueous acrylic pulsion) from 
Rohm & Haas, Philadelphia, PA and AIRFLEX® 600BP (a 55 percent solids 
aqueous polyvinyl acetate emulsion) from Air Products, AUentpwn PA. 
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Inorganic fillers include expanded venniculite, hollow glass microspheres, 
and bentonite. 

Usefid non-intumescent insulating sheet materials for forming the prefonn 
insulating end cones of the invention generally comprise inorganic fibers.and organic 
5 binder. G^ierally, useful non-intumescent sheet materials comprise fit)m about 60 
to about 98 dry weight percent inorganic fiber and fit>m about 2 to about 25 dry 
weight percent organic binder. A preferred non-intumescent she^ material 
comprises about 90 percent inorganic fiber and about 1 0 percent organic binder. The 
non-intumescent mat^al may also contain inorganic particles or fillers and one or 

10 more inorganic binders. The non-intumescent insulating material is preferably in the 
form of a sheet having a thickness of from about 0.5 to about 15 mm. 

Essentially shot-fipee ceramic fibers usefiil in forming non-intumescent 
insulating sheet materials include alumina-boria-silica fibers, alumina-silica fibers, 
alumina-phosphorus pentoxide fibers, zirconia-silica fibers, zirconia-alumina fibers, 

1 5 and alumina fibers. "Essentially shot tceeT or "shot fi^" fibers are Sbexs that contain 
less than 5 percent by weight and preferably less than 1 percent by weight of shot or 
non-fibrous particulate material and fibers which are at least 95 percent shot-fi^ and 
preferably 99 pm%nt shot-fiee. Usefiil commercially available fibers include those 
under the trademarks FIBERMAX™, available from Unifiax, SAFFIL™ LD, 

20 available fiom ICI Chemicals & Polymers, ALCEN™ alumina fibers available firom 
Denka, and MAFTECH fibers, available fix>m Mitsubishi. 

The fibers are typically formed by blowing or spiiming using methods known 
in the industry. Preferable, the fibers are formed by spiiming a sol gel solutiorL The 
fibers are formed into a mat or sheet by various known methods including blowing 

25 the fibrous material onto a collection screen as is practiced in the nonwoven industry. 
A preferred non-intumescent inorganic fiber is a potycrystalline alumina fiber, 
available xmdeac the trademark SAFFIL™ fiom ICI Chemicals and Polymers. The 
fiber is chemically resistant and may be used in selected applications vap to 1600^0. 
It is produced in a low density sheet form which consists of a predominately two- 

30 dimensional random orientation of fiber resulting in a mat of lamella form. The sheet 
is essentially shot-firee with a uniform fiber structure. 
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The lamella nature of low density mat makes it necessary to introduce the 
means for preventing delamination during handling and assembly in the pollution 
control device. That is, the low density sheet of alumina fiber is preferably physically 
restrained or compressed during handling and assembly. When compressed to a 
5 mount density of about O.OS and 0.60 grams per cubic centimeter these materials 
have a unique ability to repeatedly undergo a reduction in thickness while hot and 
spring back to substantially tfieir original thickness when cooled, thus maintaining 
their structural integrity. 

Since the fiber material preferred for the non-intumescent prefonn insulating 
1 0 end cones 60 are generally available in the density range of 0.05 to 0.30 grams per 
cubic centimeter, they must be compressed by about a factor of 1 to 10 when used as 
insulating materials within the end cone housings 28, 26. Sheets of the non- 
intumescent insulating material are generally compressed and held in the compressed 
state to &cilitate handling and cutting of the material. The non-intumescent insulating 
IS sheet material may be physically compressed in a variety of manners, including the 
use of resin bonding, or needle punching. 

Resin bonding is accomplished by saturating the non-intumescent mataial 
with organic binders which bum off in the presence of heat generated fiom hot 
exhaustgas. The organic materials bum off when exposed to heat generated finom 
20 hot exhaust gas. 

Preferred commercially available non-intumescent sheet materials are 
S AFFIL™ LD alumina fiber sheet (fiom IQ Chemicals and Polymers, Cheshire, 
England) and FIBERFRAX™ S50K fibor sheet (fix>m Unifiax, Niagara Falls, NY). 

OrggaicMnders and organic fibers that are usefid in non-intumescent sheet 
25 materials include those described above for intumescent sheet materials. 

The intumescent and non-intumescent sheet materials that are usefiil for the 
present invmtion are made by well known wet laid mediods including methods used 
to make paper. 

One method of making the finished preforms of the invention fiom a flexible 
30 and resilient intumescent or non-intumescent sheet material includes the step of 
treating at least one of the major sur&ces of the intumescent or non-intumescent 
sheet material. The sur&ce treatment is apphed to at least one sur&ce of the sheet 

-10- 
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material to add enough rigidity to the material 

the sh^ of an end cone, the preform end cone will be self-siq>porting but not be so 
rigid so to be prone to cracking or breaking during handling for its intouled use. 
Usefiil surface treatmmts include ^plying a shape retaining element in die 
5 form of a rigidizing solution to at least one sur&ce of the sheet material. A ridigizing 
sohition is a solution that when BsppHed to the sur&:e of a sheet material and then 
dried, stiffens or makes rigid the sur&ce to which the solution was applied The 
solutions may be qiplied to the surfaces of the intumescent or non-intumescent sheet 
material by means of a brush or a sprayer. Usefiil rigidizing solutions include 

10 saturated solutions of colloidal silica, colloidal alumina, sUicon carbide, magnesium 
phosphate, vermiculite emulsions, clay emulsions, and monoaluminum phosphate. 

Useful commercially available rigidizing solutions include a magnesium 
phosphate suspension (100% solids, from ZYP Coatings, Inc., Oak Ridge, TN), 
Naico 2327 colloidal silica (50% solids, from Nalco Chemical Company, N^)erville, 

1 S IL), and a 50% solids solution of monoaluminum phosphate (Technical Grade, from 
Rhone-Poulenc Basic Chemical Co., France). Preferred rigidizing solutions are 
solutions of colloidal alumina and colloidal silica Preferably, only one of the 
surfaces ofthe sheet material is treated with a rigidizing solution. In use, the treated 
sur&ces of ttie preforms of the invention are adjacent to the outer sur&ce of the inner 

20 end cone housing. 

Generally, the amount of a rigidizing solution applied to the sur&ce of the 
intumescent or nonrintumescent sheet material can vary depending iqx>n the desired 
diaracterisdcsofdieaid product However, the treatment should be inasufiBcient 
amount so as to provide a self sqjportingaridcle. The treatment should also not be in 

25 such an amount so as to result in a finished part that is britde and easily broken 
during handling for its intended purpose. Typically, the amount of solids from a 
rigidizing solution (dry wdg^ percent) added to a surface of a die cut sheet material 
is equal to about 10 percent of the dry weight of the die cut part 

Once the sheet material is treated with a rigidizing solution, the sheet material 

30 is formed into the desired shape by preferably, placing the treated sheet material in 
between iimer and outer metal &ad cone housings, clamping the housings together, 
placing the assembly into an oven to dry the sheet matmal, to form the preform 
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infailating^end cone, removing the assembly from the oven, allowing the assembly to 
cool to iDom temperature and tfien removing the preform insulating end cone from 
the metal housings. Of course, the treated sheet materials may also be formed using 
any suitable mold having the sh2q)e of the desired finished article. 
S Anoth^ method of treating at least one of the sur&ces of the sheet material 

used to make the preform insulating end cones of the invention is to apply a shape 
retaining element in the form of thin layer of metal foil the surface of a sheet 
material. The metal foil layer can be any metal that can be formed into a three 
dimensional article for use in a pollution control device. The metal layer may be 

10 applied to the sur&ce of the sheet material by means of an adhesive. The metal layer 
preferably has a tfiickness of Scorn about 0.0030 inches (0.076 mm) to about 0.0100 
inches (0.254 mm). A preferred metal is aluminum and the layer of aluminum is 
preferably applied to the surface of the sheet material by means of a alimiinimi tape 
such as T-49 Foil Tape (from Minnesota Mining and Manufacturing Company, St. 

1 5 Paul, MN.) In use, the metal layer is preferably placed over one or both of the 
sur&ces of the sheet material prior to cutting the material to the desired shape and 
dimmsion. 

Another method of treating at least one sur&ce of a sheet material used to 
make preform insulating end cones of the invention is to apply a shq}e retaining 

2 0 element in the form of a heat shrinkable film layer to the sur&ce of the sheet material . 
A heat shrinkable film may be i^lied over one or both of the entire sur&ces of the 
sheet material and is preferably applied over a portion of the sur&ces of the sheet 
material. Examples of usefiil heat shrinkable films include polyolefins including 
polyesters such as SCOTCHPAK™ Type IIS polyester film tape {&om Mirmesota 

25 Mining and Manu&cturing Company, St Paul, MN). 

In use, the heat shrinkable film is ^plied one or both surfiices of a sheet 
material using an adhesive or tapQ or other attachment means and the sheet material 
is die cut to the desired shape and dimensions. The cut and fihn covered sheet 
material is positioned around the outer sur&ce of the inner metal end cone housing 

30 and beat is ^plied to the film until the fibn shrinks to form a self-supporting end 
cone. The required thermal energy or heat may be applied by means ofa heat gun or 
a convection oven and the like and is preferably applied by means of a heat gun. 
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Alternatively, the die cut sheet nuoeiial is cut to die desired shape and dimensions, is 
positioned onto the inner metal end cone housing, and a strip or band of heat 
shrinkable film is wrapped around the ec^e of tf^ sheet material having the largest 
circumference, that is, the top or tabbed portion of the end cone and then sufBcient 
5 heat is applied to shrink the film to form a seIf-siq>porting preform end cone. A 
prefeired heat shrinkable film material is polyester and the heat shrinkable film is 
preferably applied over the top or tabbed portion of the cut sheet material. 

Another method of making preform insulating end cones of the invention 
comprises the steps of providing intumescent or non-intumescent materials that 

1 0 contain a shape retaining element in the form of an organic binder comprising a 
thermoplastic and/or a thermosetting polymer material, said she^ material cut into 
the desired shape, forming the cut sheet material into the desired finished three 
dimensional shape, and then heating the formed intumescent or non-intumescent 
sheet to a sufiScient temperature and for a sufBcient time so to melt or partially melt 

15 and/or cure the polymeric organic binder and cause it to fuse to form a three 
dimensional and self-supporting preform insulating end cone. In the case of a 
thermoplastic polymer material, the finished preform insulating end cone is formed 
after the formed sheet material is cooled The cut sheet material can be formed by 
placing the sheet material into a mold having the desired shape and dimensions and 

20 then heating the mold containing the cut sheet material as described above. 

The amount of the thermoplastic and /or thermosetting polymer matarial 
contained within tiie intumescmt or non-intumescent dieet material should be 
sufiBdent to form a self-supporting article fiom a she^ material. The thermoplastic 
and/or themiosetting resin contained within the sheet material should not be present 

25 in an amount to provide a preform article that would be subj ect to undesirable 
cracking or breaking during handling for its intended purpose. 

Anothermethod of making preform endcones of the invention comprises the 
steps of providing an intumescent or a non-intumescent sheet material containing a 
shape retaining elonent in the form of an organic binder that comijrises an aqueous 

30 polymer emulsion^ for example, a polymer or elastomer in latex form, the sheet 
material being cut into the desired shape and dimensions, placing the cut sheet 
material into a mold having the dimrasions to make the desired finished article, 
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saturating the molded sheet material with water, and then heating the sheet material 
contained within the mold until the wat^ has evaporated to form a finished preform 
article. Alternatively, the molded sheet material can be saturated by means of 
applying steam to the sheet material within the mold, and then allowing the sheet 
5 material within the mold to dry at room temperature to form the finished preform 
article. Typical water content of the treated intumescent or non-intumescent sheet 
material during die forming step ranges fiom about S to about SS percent by weight 
of the sheet material. 

The intumescent or non-intumescent sheet materials used to form the articles 

10 of the invention may also contain one or more organic fibers as shape retaining 
elements in addition to the organic binders described above. 

In use, the preform insulating end cones of the invention are placed within the 
innor and outer end cone housings and the housings are welded together to form a 
conical inlet or outlet for a pollution control device. The conical inlet or outlet is 

1 5 then welded to the metal housing of the pollution control device. The insulating end 
cones are useful for suppressing noise and vibration in a pollution control device and 
also for providing thermal insulation fiom esdiaust heat 



Bcamples 

20 Test Methods 
Hardness Test 

The hardness of the treated sur&ces of the finished preform end cone 
insulating liners was detennined usirig a Shore Durometer™ Haidn 
instrument 

25 

Resiliency Test Method 

This test is used to measure the amount of resilimcy of a preform article as a 
function of retained height of the preform article after a mass is applied. 

A preform end cone is placed on a level sur&ce with the large diameter 
30 opening down (inverted cone). A sheet of rigid cardboard is placed onto the 

opposite surface. A 20 gram weight is placed on the cardboard and centered over the 
end cone and the height of the cardboard sheet is recorded as the ''Initial Height'* 
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The 20 g weight is removed and 200gand SO g weights are placed onto the 
cardboard as above and the hd^t of the cardboard sheet is recorded as "Final 
Height"* Resiliency is calculated by using the following formula: Resiliency = (final 
height/initial height) X 100%. Each of the sanq)ies tested should have substantially 
5 the same dimensions. 

Generally, the preform insulating end cones of the invention have a resiliency 
value of fiom about 35 to about 97 percent, preferably irom about SO to about 97 
percent, and more preferably, about 75 to about 97 percent 

10 Test Method to Determine Thickness and Density Variation 

This method is used to determine the variation in thickness and density of formed 
articles. At least 12 die cut pieces must be removed &om each sample. The die cut 
pieces are taken from the edges and middle portions of each sample. The die is a 
circular die having a diameter of 1 1 mm. A pressure of about 13.6 psi (93.6 kPa) is 

1 S exerted on each die cut piece of each example and then each sample is measured for 
thickness to the nearest 0.003 cm. These measurements can be performed using a 
dial gauge available from Federal, Providence, RL Each die cut piece is weighed to 
the nearest 0.01 g and the weights recorded in grams. Weight per unit area (g/m^) is 
calculated by using the following formula: Weight per unit area = (weight (g))/ ((121 

20 mm^Xpi)/4,000,000). The thickness and weight per unit area values are averaged 
and 3 standard deviations are calculated. 

Generally, die prdbrm insulating end cones of the invention have thickness 
variability (3 standard deviations) of less than SO percent, preferably less than 30 
percent, and more {nreferably less than 20 percmt 

25 

Example 1 

A sheet of intumescent sheet material (INTERAM™ Type 200 mat (3100 
g/m^ available form Miimesota Mining and Manu&cturing Company, St Paid, MM) 
was die cut using a die cutter (Rotomatic™ n, from Ampak, Inc., Anderson, SC) to 
30 form a die cut part similar to that shown in Fig. 2 such that it would conform to the 
geometry of an outer metal cone housing. The die cut part had general dimensions of 
144 mm by 155 mm and weighed about 48.4 g. The part was treated on the entire 
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sm&ce of one side with a colloidal silica solution (Nalco™ 2327, 6om Nalco 
Chmucal Company, N£q9erviUe,IL) with a paint brush. The coated part was placed 
into an outer metal cone housing similar to that shown in Fig. 1 (female portion) with 
the coated sur&ce up. The coated part was pressed into the shsqie of the outer cone 
S housing with an inner cone housing (male portion). The inner cone housing was 
removed, the fomied part inside the outer cone housing was placed into a forced air 
laboratory oven (Blue M OV-S60A-2, fiom Blue M Electric Company, Blue Island, 
IL) and dried for about 1 hour at a temperature of llO^C. After diying, the formed 
preform was removed fiom the outer cone housing, allowed to cool, and was 

10 weighed The finished preform had a weigiht of 52.7 g. 

The dried preform insulating material was self supporting and kept its formed 
shape during handling. The uncoated surface of the preform was soft and 
compressible and had a measured hardness value of about 25 when measured using 
the Durometer™ Hardness Tester and method described above. The coated surface 

15 of the preform had a measured hardness of about 40. When placing the preform into 
the outer and inner metal cone housings, the prefonm remained flexible and 
conformable and could easily be placed into the housings. 

Example CI 

20 The procedure used in Example 1 was repeated to form a finished prefonn 

except that the die cut part was saturated with colloidal silica by inmiersing the part 
into a containo* containing a colloidal silica solution. After drying, the coated 
preform had a weight of 77 g. The finished jneform was self supporting and feh very 
rigid. The measured hardness value ofboth surfaces ranged fiom 70 to 80. When 

25 fitting the preform inside of the iimer and outer housings, one of the tab portions of 
the part cracked. 

Examples 2-3 

A sheet of intumescent mat matorial (INTERAM™ Type 100, 3662 g/m^ 
30 from Miimesota Mining and Manufacturing Company) and a sheet of non- 

intumescent mat material (FIBERFRAX™ 550K fiber sheet, from Unifrax, Niagara 
Falls, NY) were die cut as described in Example 1 to form die cut Examples 2 and 3. 
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The compositioD of the intumesceiit sheet material was about (diy weight percent) 
42.5 to about 62.S percrat unexpanded venniculite, 27 to 45 percent inoiganic fiber, 
3 to 10 percmt latex organic binder. The composition of the non-intumescent sheet 
material was about 90 parent inorganic fiber and 10 percent latex organic binder. 
5 The samples were moistened in tap water by inmiersion under running tap water and 
then each of the saturated die cut materials were placed in between similar outer and 
inn^ end cone housings to those described in Example 1 above. The inner and outer 
end cone housings wore clamped together and then placed in an oven at a 
temperature of IOO'H: for abom 60 minutes until the water had evaporated The 
10 clamped end cone housings containing the die cut materials were removed fiom the 
oven, allowed to cool to room temperature, and the formed intumescent and nour 
intumescent preforms were removed Both of the intumescent and non-intumescent 
prefomi insulating materials were flexible and self supporting and compressible and 
could be handled without cracking or breaking. 

15 

Examples 4-5 

Aluminum foil tape, 4 mm thick, (T-49 foil tape, fiom Minnesota Mining and 
Manufacturing Company, St Paul, MN) was laminated to a sample of intumescent 
sheet material (INTERAM™ Type 100, 3662 g/m\ fix)m Mirmesota Mining and 

20 Manufacturing Company) having dimensions of about 35 cm by 35 cm such that an 
entire sur&ceofthe intumescent sheet matmal was covered The foil covoed sheet 
material was then die cut as in Example 2. The foil coated die cut part was then 
formed over the outside surface of an inner metal cone housing with the foil side 
adjacent to the outside sur&ceofAeiimer end cone housing. The outside end cone 

25 casing was then placed over the outside of the insulating material and positioned 

{Koperiy into a finished end cone. The outer end cone housing was removed, and the 
formed preform was removed The fonned foil coated preform of Example 4 was 
flexible and self supporting. 

The procedure of Example 4 was repeated except tiiat both sides of die 

30 intumescent sheet material were covCTed with the foil tape to form the preform of 
Example 5. The preform of Example 5 was flexible and self supporting. 



-17- 



wo 98/50688 



PCT/US97/15864 



Example 6 

An intumescent sheet material was die oit as desm The 
die cut material was then fonned ovar the inner end cone housing of Example 2 and a 

5 heat shrinkable polyester fihn, SCOTCHPAK™ Type 1 1 5 tape, was wrapped around 
the top or open edge of die die cut intumescent material such that it extended about 
20 mm past die lip or edge ofthe die cut material. The heat shrinkable fihn was 
about33 mm wide and about 300 mm in length. Heat was q>plied to the film by 
means of a 1 440 watt heat gun for about 30 seconds until the Mftap shrunk around the 

10 die cut material. Theformedpreform was removed fit)m the inner end cone housing 
and was flexible and self supporting. An advantage of this method of forming a 
preform end cone insulating material is that a relatively small amount of the shrink- 
wnq) film is required to form the preform of the inventiorL 

15 Example 7 

A die cut intumescent sheet material as described in Example 2 was coated 
on one side with the rigidizing solution described below. The rigidizing solution was 
qiplied to the die cut material using a small paintbrush until the entire surface of die 
material appeared wet The rigidizing solution was a 5:1 magnesium phosphate 

20 cement in deionized water {ZYV™ RS-1000 cement, from ZYP Coatings Inc., Oak 
Ridge»TN). The coated san^>le was placed between iimer and outer end cone 
housings as described m Example 2. The clamped end cone housing containing the 
coated sample was placed in a 1 OOC oven for about 60 minutes until the coating dried 
to form the preform end cone article. The resulting preform end cone was flexible 

25 and self supporting and could be handled without undesirable cracking or breaking. 

Example 8 

A sheet of intumescent sheet material GNTERANf™ Type 100, 3662 g/m^ 
fiom Minnesota Kfining and Manufacturing Company) was larrunated on one sur&ce 
30 with a polyester film tape (3M Tape # 356) and dien die cut into the sh^ as shovm 
inFigure4. The ends ware brought together such that the cut sheet material was in 
the shape of a cone and then the ends were taped together with a piece of the 
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polyester film to fonn the finished prefonn insiilatinB end cone shown in Figure 
5. 

Examples 9-12 and Comparative Examples C2-C4 
S Examples 8-13, described below, were tested for resiliency using the 

Resiliency Test Method described above. 

Example 9 was the prefonn of Example 1. 
Exanq)le 10 was the prefonn of Example 2. 
Example 1 1 was the preform of Example 4. 
10 Example 12 was the prefoim of Example 6. 

Example 13 was the preform of Example 8. 

Comparative Examples C2, C3, and C4 were also tested using the above 
method 

C2 was the comparative preforai CI . 

IS C3 was a slush molded end cone insulating liner that was made using a mold 

having the same shape as the mold used in Example 1 . The composition of C3 was 
about 735 dry weight percent of starch binder and about 92.65 dry weight percent of 
refractory ceranuc fiber. 

C4 was a slush molded insulating liner made as described in C3 above having 

20 a composition of about 14dry weight percent starch binda and 86 percent by weight 
shredded intumescent sheet material (INTERAM ™ X-D mounting material, from 
Minnesota Mining and Manufacturing), the shredded intumescent sheet material 
having a dry weight composition of aboiit 45-62.5% unexpanded vermiculite, 27.5 - 
45% ceramic fiber, and 3-10% organic binder. The slush molded aid cone liners 

25 were made by making dilute aqueous slurries, placing a permeable mold into each of 
the slurries and removing the water using gravity and/or vacuum and then drying the 
formed end cone lin^ on the mold. The results are shown in Table 1 below. 



-19- 



wo 98/50688 



PCT/US97/15864 



Table 1 



Example 


Resilienqr 


9 


97 


10 


79 


11 


49 


12 


97 


13 


94 


C2 


99 


C3 


100 


C4 


100 



The results show that the prefonn insulating end cones of the invention are 
5 more compressible than prefonn end cones having similar compositions that are 
saturated with a rigidizing solution and that are slush molded. Thus, the preforms of 
the invention are easier to handle in a manufacturing process and are less prone to 
breaking and splitting than saturated or slush molded end cone liners. 

10 Example 14 and Comparative Ex amples C 5 and C6 

The intumescent sheet material used to make the preform insulating end cone 
of Example 10 (Example 14 below) and comparative examples C3 (CS below) and 
C4 (C6 below) were tested for diickness and density variability using the method 
described above. The results are shown in Table 2 below. 
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Table 2 



N=12 


Comparative 
Examples 


Comparative 
Examples 


Example 14 


Average ThickDess 
(ia) 


0.26 


.338 


• 

0.206 


3 Std. Dev. 


0.05 


.217 


0.02 


+ or-3 StADev. 


21% 


64% 


8% 


Average Weight (g) 


0.21 


0.42 


0.33 


3 Std. Dev. 


0.02 


0.33 


0.06 


+ or -3 Std. Dev. 


9% 


79% 


17% 


Averz^e Weight Per 
Area(g/M^) 


2211 


4404 


3501 


3 Std. Dev. 


190 


3478 


589 


+ or -3 Std. Dev. 


9% 


79% 


17% 



The results show that the intumescent preform insulating end cone of the 
S invention has a more imiform thickness than does slush molded end cone liners of the 
same dimensions and a more uniform density (weight per unit area) than a slush 
molded intumescent end cone liner. Additionally, die preform insulating end cone of 
the invention maintains the resiliency and compressibility of die intumescent sheet 
material whereas the slush molded end cone liners are relatively hard and britde. 

10 
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What is claimed is: 

1 . A prefonn insulating end cone suitable for fonning the end cone of 
a pollution control device, said preform comprising: 

S a cone shaped intumescent sheet material having a plurality of slits 

enabling said sheet material to be cone sh^d; and 

a shape retaining element in intimate contact with said intumescent 
sheet material, said sh^ retainmg element enabling said intumescent sheet 
material to maintain a cone shape. 

10 

2. The preform insulating end cone of claim 1 wherein said shape 
retaining element is an organic binder. 

3. The preform insulating end cone of claim 2 wherein the organic 
1 S binder is a polymer emulsion. 

4. The preform insulating end cone of claim 1 wherein said shsipt 
retaining element is a metal foil. 

20 5. The preform of claim 1 wherein said shape retainmg element is a 

heat shrinkable film. 

6. The preform of claim 2 wherein the organic binder is a 
thennoplastic material. 

25 

7. The preform insulating end cone of claim 2 wherein the organic 
binder comprises a thermosetting material. 

8. The prefonn insulating end cone of claim 1 wherein said shape 
30 retaining element is a rigidizing solution. 
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9. The preform insulatiiig end cone of claim 8 wherein the rigidizing 
solution is selected from the group consisting of aqueous colloidal silica, aqueous 
colloidal alumina, monoaluminum phosphate, magnesium phosphate, vermiculite 
emulsions, and clay emulsions. 

5 

10. A preform insulating end cone suitable for forming the end cone of 
a pollution control device, said preform comprising: 

a cone shaped intumescent sheet material having a first end and a 
second end; and 

10 a shape retaining element in intimate contact with said intumescent 

sheet material, said shape retaining element enabling said intumescent sheet 
material to maintain a cone shape. 

1 1 . The preform insulating end cone of claim 1 0 herein said shape 
1 S retaining element is a tape joining said first end and said second end together. 

12. The preform insulating end cone of claim 1 1 wherein said shape 
retaining element further comprises a thennoplastic fibn laminated to a surface of 
said sheet material wherein said tape is adhered to said thermoplastic film. 

20 

13. A pollution control device comprising: 

(a) a metallic housing; 

(b) a monolithic catalytic element; 

(c) an inlet and an outlet metallic end cone assembly for attaching 

25 exhaust pipes to the metallic housing, each end cone assembly comprising an inner 
end cone housing and an outer end cone housing; and 

(d) a preform insulating end cone of any one of claims 1-12 
disposed between the inner and outer end cone housings. 

30 1 4. A method of making the preform insulating end cone of claim 1 or 

claim 10 for use in a pollution control device comprising the steps of: 
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(a) providing an intumescent or a non-intumescent insulating material 
in the fonn of a sheet having first and second major surfaces and having the desired 
dimensions for the finished prefonn insulating end cone, said insulating material 
containing an organic binder comprising a polymeric emulsion; 
S (b) treating said insulating material with water or steam; 

(c) forming said treated insulating material into the desired shape for 
the finished preform insulating end cone; and 

(d) drying said formed insulating material to form a finished preform 
insulating end cone. 

10 

IS. The method of claim 14 wherein said sheet material is intumescent. 



1 6. The method of claim 1 S wherein said intumescent sheet material 
comprises fix)m about 20 to 65 percent by dry weight of an intumescent material, 

15 fiom about 10 percent to 50 percent by dry weight of inoiganic fibrous material, from 
about 3 to 25 percent by dry weight of organic binder, and up to about 40 percent by 
dry weight of inorganic filler. 

17. The method of claim 14 fijrther comprising the step of forming said 
20 treated insulating material into the desired shape by placing said treated insulating 

material in a mold having the dimensions of an end cone assembly of a pollution 
control device. 

18. A method of making the preform insulafing end cone of claim 1 or 
25 claim 1 0 for use in a pollution control device comprising the steps of: 

(a) providing an intumescmt or a non-intumescent insulating material 
in the form of a sheet having first and second major sur&ces and having the desired 
dimensions for the finished preform insulating end cone; 

(b) treating a surface of said insulating material with a rigidizing 
30 solution selected Scorn the group consisting of aqueous colloidal silica, aqueous 

colloidal alumina, monoaluminum phosphate, magnesium phosphate, vermiculite 
emulsions, and clay emulsions; 
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*■ 

(c) fonning said treated insulating material into the desired shape for 
the finished piefonn insulating end cone; and 

(d) drying said formed insulating material to form a finished preform 
insulating end cone. 

5 

1 9. A method of making the preform insulating end cone of claim 1 or 
claim 10 for use in a pollution control device comprising the steps of: 

(a) providing an intumescent or a non-intumescent insulating material 
in the form of a sheet having first and second major surfaces and having the desired 

10 dimensions for the finished preform insulating end cone; 

(b) treating a surface of said insulating material by applying a metal foil 
over a surface of said insulating material; and 

(c) formmg said treated insulating material into the desired shape to 
form a finished preform insulating end cone. 

15 

20. A method of making the preform insulating end cone of claim 1 or 
claim 10 for use in a pollution control device comprising the steps of: 

(a) providing an intumescent or a non-intumescent insulating material 
in the form of a sheet having first and second maj or surfaces and having the desired 

20 dimensions for the finished preform insulating end cone; 

(b) fonning said insulating material into the desired shape for the 
fijiished preform insulating end cone; 

(c) treating a surface of said insulating mat^ial by applying a heat 
shrinkable film over a sur&ce of said insulating material; and 

25 (d) heating the heat shrinkable fihn to a sufficient temperature so to 

cause the film to shrink to form the finished preform insulating end cone. 
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